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Background: Better knowledge of the suprascapular notch anatomy may help to prevent and to assess more
accurately suprascapular nerve entrapment syndrome. Our purposes were to verify the reliability of the existing
data, to assess the differences between the two genders, to verify the correlation between the dimensions of the
scapula and the suprascapular notch, and to investigate the relationship between the suprascapular notch and the
postero-superior limit of the safe zone for the suprascapular nerve.
Methods: We examined 500 dried scapulae, measuring seven distances related to the scapular body and
suprascapular notch; they were also catalogued according to gender, age and side. Suprascapular notch was
classified in accordance with Rengachary’s method. For each class, we also took into consideration the width/depth
ratio. Furthermore, Pearson's correlation was calculated.
Results: The frequencies were: Type I 12.4%, Type II 19.8%, Type III 22.8%, Type IV 31.1%, Type V 10.2%, Type VI
3.6%. Width and depth did not demonstrate a statistical significant difference when analyzed according to gender
and side; however, a significant difference was found between the depth means elaborated according to median
age (73 y.o.). Correlation indexes were weak or not statistically significant. The differences among the
postero-superior limits of the safe zone in the six types of notches was not statistically significant.
Conclusions: Patient’s characteristics (gender, age and scapular dimensions) are not related to the characteristics of
the suprascapular notch (dimensions and Type); our data suggest that the entrapment syndrome is more likely to
be associated with a Type III notch because of its specific features.
Keywords: Suprascapular notch, Suprascapular nerve, Suprascapular nerve entrapment, Scapula, Anatomic
classificationBackground
The suprascapular notch (SN) serves as passage to the
suprascapular nerve (SSN) and it is converted into a
foramen by the superior transverse scapular ligament
[1]. The first description of suprascapular nerve entrap-
ment syndrome at the site of the suprascapular notch
was made by Kopell and Thompson [2]. Over the years,
many studies have investigated and have identified the
pathologic factors related to this syndrome. The follo-
wing proved to be involved in the aetiology as well as* Correspondence: s.gumina@tiscali.it
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reproduction in any medium, provided the oriatrogenic lesions during open or arthroscopic surgical pro-
cedures [3-5]: anterior shoulder dislocation [6]; injury from
direct trauma [6]; ganglion cysts [7]; synovial and Ewing’s
sarcomas [8]; and chondrosarcoma and lipoma [8].
Anatomical variations [3,9,10] and the anomalous or
ossified superior transverse scapular ligament [9,11,12]
are also considered to be risk factors for suprascapular
neuropathy. In previous studies, different types of SN
were identified [3,9,10]. Rengachary [3] distinguished VI
types of SN basing the classification on morphologic and
geometric features (Figure 1).
In Type I the superior border of the scapula present a
depression from the medial superior angle to the base of
the coracoid process; Type II is described as a wideLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Figure 1 Renganchary's classification. Schematic illustration.
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the superior border with the widest point along the su-
perior border. Type III is a simmetric and “U”-shaped
notch while Type IV is described as a very small “V”-
shaped notch, frequently presenting a shallow groove
near the notch; Type V is similar to type III, with partial
ossification of the medial border of the notch and with
the minimal diameter along the superior border of the
scapula. Type VI is described as a bony foramen with a
completely ossified STSL.
The suprascapular nerve may be accidentally injured
in many surgical procedures, for example blind drilling
during arthroscopic Bankart [4] and SLAP repair
[13-15] advancement of rotator cuff during the repair
of massive retracted rotator cuff tears [5,16-23], arthro-
scopic anterior or double interval slide [5] and also
during the decompression of suprascapular nerve en-
trapment [3,24]. In order to avoid this complication,
previous anatomical studies analyzed the “safe zone”
[4,13,25-27], considered as an area within which is po-
ssible to avoid iatrogenic lesions of the suprascapular
nerve. The safe zone presents two safe limits: the
posterior represented as the distance measured from
the supraglenoid tubercle to the scapular notch and the
posterosuperior represented as the distance measured
from the midline of the posterior glenoid rim to the base
of the scapular spine [27].
We aimed to verify the reliability of the existing data
concerning the anatomy of the SN, by analyzing a con-
siderable number of dried scapulae and comparing our
results with literature. Measurements were performed
in order to assess the differences between scapulae in
the two genders and within each individual subject, by
comparing the dimensions of the right and left scapula
of the same subject. Furthermore, we assessed potential
correlations between the dimensions of the SN [3] and
the major dimensions of the scapula [27]. We also evalu-
ated variations of the dimensions and of the area among
the different types of the SN, as well as the relationship
between different types and the posterosuperior limit of
the safe zone for the suprascapular nerve [27].Methods
We examined 500 dried scapulae belonging to the ana-
tomical collection of the Department of Anatomy from
two Universities (53 + 59), the bone collection of the
municipality of Rome (70), and a southern Italian region
(318). Our research was performed in compliance with
the Helsinki Declaration.
The gender and ages of 155 donors were known. Among
the donors, we found 131 complete skeletons (67 males, 64
females) while in the remaining 24 (5 males, 19 females)
one of the two scapulae was missing. Therefore, there were
a total of 147 scapulae belonging to females and 139 to
males. An additional 15 complete skeletons, whose gender
and age were unknown, were used. The age at the time of
death ranged from 22 to 108 years (average age: 71).
A researcher particularly skilled in shoulder disorders,
measured six distances for each scapula: (i) the major
longitudinal axis of the scapular body, measured from
the medial angle to the inferior angle of the scapula (A
axis) [27]; (ii) the major transversal axis of the scapular
body, measured from the lowest point of the glenoid to
the vertebral border of the scapula at the level of the
smooth surface over which the trapezius glides (B axis)
[27]; (iii) the major longitudinal axis of the glenoid fossa,
measured from the supraglenoid tubercle to the lowest
point of the glenoid (distance C) [27]; (iv) the major
transversal axis of the glenoid fossa, measured at its
widest distance from the midline of the anterior to the
midline of the posterior glenoid rim (distance D) [27]
(Figure 2); (v) the distance from the supraglenoid tubercle
to the scapular notch (distance E in Figure 3) [27]; and (vi)
the depth of the suprascapular notch (S1 in Figure 3),
measured as the maximal vertical distance from the super-
ior border to lowest point of the suprascapular notch and
(vii) the line representing the width of the suprascapular
notch (S2 in Figure 3), measured along the superior border
from the medial to the lateral margin of the notch [3]. We
decided to investigate the dimensions of the SN using only
S1 and S2 which proved to be the most helpful ones
in Rengachary’s analysis [3]; only the width of Type VI
notches was measured as the diameter at the widest point
Figure 2 Photograph of a left scapula. Anterior view: A= major longitudinal axis of the scapular body; B= major transversal axis of the scapular
body. Lateral view: C= major longitudinal axis of the glenoid fossa; D= major transversal axis of the glenoid fossa.
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in Type VI notches the diameter measured along the
superior border, from the medial to the lateral margin, is 0
by definition.
The shape of the scapular notch was also classified.
We decided to apply Renganchary’s system [3] since it is
a simple, reproducible and objective method of classi-
fication. In addition, it has already been used in several
studies and it allowed us to compare the results.
For each class, we analyzed the width/depth ratio ex-
pressing the area occupied by the SN.
All measurements were performed twice with a vernier
caliper.
Statistical analysis
Continuous variables were reported by mean, standard
deviation, median. Categorical variable were expressedFigure 3 Photograph of a left scapula. Anterior view: S1= depth of the
view: E= postero-superior limit of the safe zone.in numerical (count) and percentage terms. To assess
differences between groups we used ANOVA. We also
calculated the correlation with Pearson’s r. We also
estimated the intra-class correlation coefficient (ICC) in
order to assess potential statistical bias related to the
measuring method.
A value of p <0.05 was considered statistically signifi-
cant. All analyses were performed using SPSS v.18.
Results
Measurements related to major dimensions of the sca-
pula, to the posterosuperior limit of the safe zone for the
suprascapular nerve and to the dimensions of the SN
(width and depth) are reported in Table 1.
In examining frequencies and percentages of SN types,
there is an important prevalence of Type IV among the
whole population (details in Table 2).suprascapular notch; S2= width of the suprascapular notch. Superior
Table 1 Descriptive analysis of the major dimensions of the scapula, glenoid fossa and scapular notch
Mean Median Mode Std. deviation Minimum Maximum
Age 71.3 73.5 77 15.1 22 108
A axis (cm) 14.1 14.0 13.5 1.38 10.9 18.8
B 10.3 10.3 9.6 0.90 7.8 12.9
C 3.6 3.6 3.6 0.36 2.3 5.2
D 2.6 2.6 2.4 0.32 1.9 4.3
Distance E (cm) 3.1 3.1 3.2 0.32 2.1 4.1
Depth SN (cm) width 0.5 0.5 0.5 0.23 0.1 1.9
0.9 0.9 0.7 0.36 0.1 3.1
SN suprascapular notch. A Axis= major longitudinal axis of the scapular body; B Axis= major transversal axis of the scapular body; C Axis= major longitudinal axis of
the glenoid fossa; D Axis= major transversal axis of the glenoid fossa; Distance E= postero-superior limit of the safe zone.
Table 3 Correlation indexes between the dimensions of
the scapula and the dimensions of the scapular notch
A axis B axis C axis D axis Distance E
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tical significant difference when elaborated according to
gender (mean width in males: 0.93 cm, mean width in
females: 0.94 cm; mean depth in males: 0.61 cm, mean
depth in females: 0.58 cm) and side (mean width in right
scapulae: 0.96 cm, mean width in left scapulae: 0.95 cm;
mean depth in right scapulae: 0.59 cm, mean depth in
left scapulae: 0.56 cm).
We found a statistically significant difference (p=0.033)
among the mean depths elaborated according to the me-
dian age of our sample; subjects over 73 showed a deeper
notch (mean: 0.64 cm; 95% IC: 0.59-0.69 cm) than those ≤ 73
(mean: 0.56 cm; 95% IC: 0.51-0.61 cm).
The Pearson correlation indexes, which assess the
correlation between A, B, C, D, E distances and the di-
mensions of the SN (width and depth) are explained in
Table 3. We found a weak but statistically significant
correlation between the depth of the SN and the major
dimensions of the glenoid fossa (C and D axes) as well
as between the width of the SN and distance E.
Analyzing the relationship between dimensions and
types of the suprascapular notch, we found a statistically
significant difference (p< 0.0001) in depth between Type
IV and the last two types (V,VI), between Type III and
Type IV, between Type II and Type III, V and VI as well
as between Type I and each of the remaining types. We
also found a significant difference (p< 0.0001) in widthTable 2 Frequencies and percentages of the
suprascapular notch types
Frequency Percent (%)






Total 500 100between Type IV and Type V, between Type III and
Type IV, between V and VI, between Type II and Type
III, IV, V and VI as well as between Type I and each of
the remaining types. Figures 4 and 5 show such trends.
Table 4 describes the specific values of the SN dimen-
sions for each notch type.
The analysis of the width/depth ratio showed a statisti-
cally significant difference between all notch types ex-
cept between Type III and Type V and between Type V
and Type VI. The highest ratio was associated to Type I
(3.97 cm; IC 95%: 3.50-4.43 cm). This is followed respec-
tively in descending order, by Types II, IV, III and V.
The lowest ratio belonged to Type VI (0.80 cm; IC 95%:
0.60-0.99 cm). Details are found in Figure 6.
Finally, there was a not statistically significant differ-
ence between the posterosuperior limit of the safe zone
(distance E) and the six types of notches. These findings
are summarized in Figure 7.
The intraclass correlation coefficient which assesses
the error of the vernier calliper was 0.996 with a 95%
Confidence Interval: 0.993-0.998.Depth SN
Pearson’s 0.079 0.084 0.090* 0.115* 0.000
correlation
Sig. (2-tailed) 0.084 0.066 0.045 0.010 0.999
Width SN
Pearson’s 0.036 0.051 0.028 −0.016 0.183*
correlation
Sig. (2-tailed) 0.430 0.267 0.537 0.722 0.000
* statistical significant (p<0,005) correlation indexes. SN suprascapular notch.
A Axis= major longitudinal axis of the scapular body; B Axis= major transversal
axis of the scapular body; C Axis= major longitudinal axis of the glenoid fossa;
D Axis= major transversal axis of the glenoid fossa; Distance E= postero-superior
limit of the safe zone.
Figure 4 Relationship between notch type and depth of the suprascapular notch (mean). SN= suprascapular notch.
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In the relevant scientific literature, we found many stu-
dies [3,9,10,12,28-32] that investigated the characteristics
of the suprascapular notch; unfortunately there is not a
univocal standard of classification [3,10,33] whereupon
the opportunity to compare the different results is
reduced.
In fact, taking the cue from Rengachary's study [3],
other authors elaborated the geometric and morpho-
logic features of the notches in order to create andFigure 5 Relationship between notch type and width of the suprascarefine new models of classification. In 2007 Nastis et al.
[10] presented their classification, distinguishing V clas-
ses on the base of the relationship between the vertical
and transverse diameter of the SSN and the presence/
absence of both notch and foramina. A further system
of classification was elaborated by Polguj et al. in [33].
They compared for every single notch 3 distances: the
maximal depth, the superior and middle transverse
diameter; successively they divided the notches in V
main classes basing on morphologic features, with apular notch (mean). SN= suprascapular notch.
Table 4 Descriptive analysis of the dimensions of the suprascapular notch types
Mean (cm) Std. deviation Minimum (cm) Maximum (cm) Median (cm)
Type I
D SN 0.39 0.17 0.10 1.00 0.40
W SN 1.38 0.37 0.50 2.20 1.40
Type II
D SN 0.53 0.15 0.20 1.00 0.50
W SN 1.22 0.36 0.50 3.10 1.20
Type III
D SN 0.73 0.22 0.20 1.60 0.70
W SN 0.90 0.24 0.40 1.70 0.90
Type IV
D SN 0.48 0.15 0.10 1.10 0.50
W SN 0.79 0.22 0.30 1.40 0.80
Type V
D SN 0.68 0.23 0.30 1.40 0.70
W SN 0.68 0.22 0.10 1.30 0.70
Type VI
D SN 0.91 0.37 0.20 1.90 0.90
W SN 0.65 0.22 0.40 1.10 0.60
DSN depth of the suprascapular notch.
WSN width of the suprascapular notch.
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according to the specific relationship between the 3
distances considered. Although these systems may seem
more specific if compared with Rengachary's classifi-
cation [3] they are quite new, they are not yet fully
assessed and they own a low diffusion at the time.Figure 6 Relationship between width/depth ratio and SN types.Considering those studies conducted on dry scapulae
and adopting the Rengachary’s system of classification
[3,31], we observed a difference related to the frequencies
of the SN Types. In fact, previously Type III was consi-
dered the most common class while Type IV represented
only 3-5% of the population. In our study Type IV resulted
Figure 7 Relationship between distance E (mean) and the six notch types.
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to ten times higher than formerly reported (Table 5). Al-
though the differences might be influenced by the racial
characteristics of the donors, we believe this discrepancy
is due to the significantly lower number of scapulae ana-
lyzed in other studies. The incidence of complete ossifi-
cation of the superior transverse scapular ligament was
similar among considered studies, varying from 3.6% to
4%; the same data in the whole literature varies from 3.7%
to 12.5% [3,9,12,28,29,34-36]. Although the differences
might be influenced by the different samples analyzed
and/or methods of evaluation and classification, we agree
with the assumption that the occurrence of a complete
ossification of the STSL could have basically a genetic
influence [33]. In fact, the frequency of the foramina
showed very different throughout the world, Hrdicka [37]
found 0.2% in the Alaskan Eskimo, turkish population
presents a 12.5% of foramina [12], Khan [38] found only
one case in India. Furthermore, Cohen et al. [11] de-
scribed a familiar case of calcification of the STSL affect-
ing a 58-year-old man and his son causing suprascapular
nerve entrapment syndrome with a symptomatic involve-
ment of the supraspinatus muscle.Table 5 Comparison of the percentages of the different types
Type I Type II Type III
Rengachary et al. 8% 31% 48%
Sinkeet et al. 22% 21% 29%
Our study 12.4% 19.8% 22.8%
N number of the sample.We believe that the difference between the mean
depths, elaborated according to our median age, may be
due to the most frequent presence of partial/total ossifi-
cation of the superior transverse scapular ligament in
the population over 73 years old. At the same time, we
are aware that our sample, which is made up of dry
scapulae from cadavers, is not homogeneous in terms of
age (95.8% of the sample was over 50 years old). There-
fore it is worth further investigating this assumption.
The correlation indexes developed in this study showed
a weak relationship between the dimensions of the supra-
scapular notch and the glenoid fossa, while the relation-
ship between the dimensions of the suprascapular notch
and the scapular body was absent. The strongest corre-
lation was found between the posterosuperior limit of
the safe zone and the width of the suprascapular notch.
Unfortunately this relationship may be facilitated by a
geometric element. Both distances share a little segment
of the scapula (from the lateral angle of the suprascapular
notch to the middle part of the notch itself ) and we sup-
pose that the overlapping may affect the results. As far as
our analysis is concerned, we can state that the dimen-
sions of the scapula could not be considered as predictiveof suprascapular notch presented in literature
Type IV Type V Type VI N
3% 6% 4% 211
5% 18% 4% 135
31.1% 10.2% 3.6% 500
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scapular notch; those should be considered independent
variables.
Recently, Polguj et al. [33] analyzed a sample of 86 dried
scapulae and demonstrated the existence of a direct
correlation between the scapular length (corresponding to
A axis in our study) and the SN depth (R=0.265) and an
inverse correlation between the ratio length/width of
the scapular body and the SN depth (R=−0.327). In our
opinion, the different statistical method used to determine
the correlation (Spearman’s rank correlation coefficient)
as well as the size of the sample considered may have led
to a discrepancy in the results of the two works.
The dimensions of the suprascapular notch were com-
pared with those presented in previous studies [3,9,32]
(Table 6); although the ranges of both distances proved
to be wider than formerly assumed, we found the
averages presented by the other authors (elaborated both
for the whole population and for each notch type) to be
over-estimated. However, our findings highlighted the
great variability in the notch dimensions that can be
found among the whole population and ,at the same
time, demonstrated that the notch dimensions are aver-
agely shorter than previously assumed; consequently the
area available for the suprascapular nerve should be
expected to be smaller too.
In analyzing the trends reported in this study, we
found that Type III, V and VI have the lowest width/
depth ratio (indicative of the area occupied by the
suprascapular notch). Dunkelgrun et al. [36] stated that
type III notches had a larger area than Type IV notches,
leading to the assumption that a V-shaped notch wouldTable 6 Comparison of the averages and ranges of the scapu
Average ± SD (cm)
W D
Rengachary et al.
Type II 1.67±0.51 0.97±0.35
Type III 1.01±0.27 1.12±0.37







Type II 1.22±0.36 0.53±0.15
Type III 0.90±0.24 0.73±0.22
Type IV 0.79±0.22 0.48±0.15
SD standard deviation, W width; D depth.
WP whole population, N number of the sample.be more likely connected with nerve entrapment. At the
same time, Rengachary et al. [3] concluded their work
asserting that patients with Type IV notch are more
likely to suffer from the suprascapular nerve entrapment
syndrome; but in clinical practice, because of the higher
frequency of Type III scapulae and its associated small
size, it is more likely to encounter an entrapment syn-
drome associated with this type of notch. We agree with
Regngachary’s assumption [3] that patients with Type III
notch are more likely to have suprascapular entrapment
neuropathy than patients with Type IV notch. But we
believe that the main pattern that predisposes patients
to the entrapment syndrome involves the specific ana-
tomical characteristics of Type III notches instead of the
frequency, which proved to be almost nine percentage
points higher for Type IV. In fact, comparing the width/
depth ratio between the two classes, we observed that
Type III notch presents averagely a lower value and con-
sequently a smaller space available for the suprascapular
nerve, increasing the possibility to have a case of
suprscapular nerve entrapment. Because our analysis op-
pose to those presented by Dunkelgrun et al. [36], we
believe that the different aims and methods of the two
studies may explain the difference in the results.
Sinkeet et al. [31] reported that Type III notches were
associated with the lowest value of the posterosuperior
limit (difference among such types are not statistically
significant). Wang et al. [32] found that Type IV notches
have the shortest posterosuperior limit and their conclu-
sions were corroborated by the work of Urgüden et al.
[30]. Our findings agree with Sinkeet et al’s work [31].
We have also demonstrated that the posterosuperiorlar notch dimensions presented in literature
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from Type I to Type VI and, at the same time, the diffe-
rence among them was not statistically significant.
One of the limits of our study is due to the sample
composed of dried scapulae. In fact, the anatomical vari-
ations of the anterior coracoscapular ligament as well as
the existence of a bifid or trifid STSL, that are important
anatomical factors influencing the incidence of the
suprascapular nerve entrapment syndrome [39-42] can
only be evaluated in vivo. Further studies are required to
investigate this specific issue.
Conclusions
In conclusion, we believe that the characteristics of the pa-
tient (gender, age and dimensions of the scapula) are not
related to the characteristics of the suprascapular notch
(dimensions and Type). Our findings demonstrated that
entrapment syndrome is more likely to be associated with
a Type III notch because of its specific features.
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